Objective: We evaluated 20 patients with spinal lesions with respect to the value of unilateral hemilaminectomy at the Department of Neurosurgery, Erciyes University, Medical Faculty, Kayseri, Turkey. The operative technique of the limited approach for spinal lesions is described. Methods: The study is based on 20 prospective consecutive patients with spinal lesions who had unilateral hemilaminectomy. There were 12 women and eight men. Age ranged from 17 to 63 years mean (42 years) with a slight preponderance of women patients (60%). Spinal lesions were cervical in three cases, lumbar in ®ve cases, and thoracic in 12 cases. Hemilaminectomy was performed by using a high speed drill. Results: Postoperative neurological status was unchanged in six cases, improved in 11 cases, and worsened in three cases. We only observed two cases of wound infections that were not related to our surgical approach. At the follow-up evaluation, which occurred approximately 25 months after surgery none of the patients showed spinal deformity or spinal instability. Conclusion: The rationale of attempting unilateral approach is to avoid damage to the dorsal static structures of the vertebral column. With the precise preoperative de®nition of the relationship of tumor to the surface of the spinal cord by contrast enhanced MRI, unilateral approaches might be more applicable to spinal lesions except invasive extradural lesions. Spinal Cord (2000) 38, 92 ± 96
Introduction
In order to remove spinal tumors, a bilateral laminectomy has usually been recommended. 1 ± 3 However, clinical 1,2,4 ± 9 and biomechanical studies 10 have shown that laminectomy may cause postoperative spinal instability due to the damage of ligaments and intervertebral joints, which may induce kyphosis after many years. Theoretically, the unilateral approach to the spinal canal should help to solve these problems. In order to reduce the risk of post-laminectomy spinal instability and deformity, Raimondi et al. 1 and Parkinson 7 recommended osteoblastic laminotomy originally described by Bickham 11 and Homan. 12 Unilateral hemilaminectomy was reported by Taylor 13, 14 and was popularised by Eggert et al. 3 and Chiou et al. 15 In this study, 20 patients suering from spinal lesions were studied with respect to the value of unilateral hemilaminectomy.
Patients and methods
Twenty prospective consecutive patients with spinal lesions who were operated on via unilateral hemilaminectomy at our institutes between 1992 and 1996 have been reviewed and analyzed. The study consisted of 12 female and eight male patients with a mean age of 42 years (range 17 ± 63 years). All patients suered from local or radicular pain and sensory or motor disturbance of the extremities. Preoperative neurological examination showed weakness of the extremities in 18 cases, sensory disturbances in 12 cases, and sphincter dysfunction in seven cases. Since 1992 hemilaminectomy has been used routinely for the removal of all spinal cord tumors with the exception of those extradural tumors which extensively invade local soft tissue structures bilaterally.
In 15 cases, contrast enhanced MRI was used to demonstrate the side, size and location of the suspected tumor (Figure 1a,b) . For the diagnosis of the other ®ve cases, myelo-CT was used. Preoperative, early and late postoperative spinal X-rays, CT-scan and MRI were also obtained to evaluate the spinal instability (Figure 3a,b) .
All patients were operated on in a prone position. If level determination was needed, direct X-ray was undertaken intraoperatively. A longitudinal midline incision was performed. According to the details of preoperative radiological ®ndings, the resection of bone and ligaments is restricted to the side of the tumor. Hemilaminectomy was carried out using an intraoperative microscope and high speed drill. The vertebral arch was drilled from medial to lateral and was continued until ipsilateral root or roots were seen. The ligamentum¯avum was removed and the base of the spinous process was also drilled until the contralateral root or dural curve was seen ( Figure 2 ). As necessary, parts of articular process and the pedicle were removed and the dural aspect of the contrlateral lamina was minimally drilled. In intradural lesions, the dura was opened longitudinally at the midline. All patients were carefully observed regarding neurological status, kyphosis and scoliosis after the postoperative period.
Results
All patients were given rehabilitation therapy beginning on the second postoperative day, although external orthotics were not used in any patients. Before discharge all patients were re-evaluated according to subjective complaint, neurological de®cit and bladder function, compared to their preoperative neurological status. Each category was divided into three grades: improved, unchanged and worsened. Postoperative neurological status was unchanged in six cases, improved in 11, and worsened in three cases (one case of subjective complaint, one case of neurological de®cit, and one case of sphincter disturbance). Spinal lesions were a b Figure 1a ,b T 1 weighted gadolinium sagittal and axial MRI demonstrates heterogeneously enhancing, schwannoma of the cervical spine Figure 2 The exposure of the spinal lesion by hemilaminectomy corridor located in the cervical area in three cases, in the lumbar region in ®ve cases, and in the thoracic regions in 12 cases. These cases included 16 extramedullary, three extradural, and one intramedullary lesions. The location and histopathological ®ndings of our cases are shown in Table 1 .
Steroids were not used. Postoperative pain was relieved by narcotic analgesics on the ®rst day and then by nonsteroidal anti-in¯ammatory drugs. In two cases there was wound infection which improved after antibiotic therapy.
There were no other complications. One patient suering from extradural tumor died during the hospitalisation due to cardiac infarction. In most of the cases, lesions were exposed with two or three levels hemilaminectomy and in one case, ®ve levels (T9 ± LI) hemilaminectomy was needed for a dural A-V malformation.
The operative approach had to be changed from unilateral to bilateral in three cases. In these three subtotally resected tumors, the problem was the invasiveness of the tumors, not the chosen surgical approach. We did not observe any disadvantage of hemilaminectomy. At follow-up evaluation none of the patients showed kyphosis or scoliosis in the postoperative period (mean 25 months).
Discussion
Although conventional laminectomy continues to be commonly used for spinal cord tumors, it may be associated with a number of postoperative complications. These problems, which include spinal deformity, instability, epidural ®brosis and the absence of osseous protection for the spinal cord, may lead to a progressive myelopathy.
9,16 ± 20 Post-laminectomy kyphoscoliosis is the major problem which may occur within weeks to years after laminectomies for tumor or trauma, 1,2,4 ± 8,21 especially in children before reaching bone maturity. 2, 4, 8 Kyphosis is commonly associated with instability and results in an anterior compression of the spinal cord or nerve roots. 21 ± 23 Musculoligamentous insuciency related to surgical stripping and denervation of the posterior paraspinal muscle complex has been suggested to be responsible for these progressive post-laminectomy problems. 24, 25 Yasuoka et al. 2 proposed that the visco-elasticity of the remaining ligaments after laminectomy might be another cause for postoperative spinal deformities. In addition to the age at operation, the site of laminectomy is also an important factor. In an eort to rate post-laminectomy deformity, a number of dierent operative approaches have been proposed. 3, 15, 24, 25 Inoue et al. 26 reported that the mechanism of spinal deformity after surgical removal of a cervical spinal cord tumor or tumorous lesions was studied in 36 patients, in which they compared laminectomy and laminoplasty groups. In the laminectomy group, kyphosis of the upper cervical spine and compensatory increased lordosis of the lower cervical spine were observed in the C2 laminectomy patients. Localised kyphosis of the spine at the cervicothoracic junction and compensatory increased lordosis of the upper cervical vertebrae were noted in the C7 laminectomy patients. In the laminoplasty group, spinal deformities were less frequently observed, and when present, the deformity was limited to a slight increase of lordosis, even in patients who a b Figure 3a ,b Postoperatively MRI and CT scan demonstrate the tumor resection and hemilaminectomy with normal vertebral column alignment and stability had the facetectomy. Gros et al. 24 describe their conservative lumbar laminectomy in which the laminectomy is performed after the spinous processes have been cut at their base and retracted en bloc laterally. Parkinson 7 and Raimondi et al. 1 reviewed the method of osteoblastic laminotomy originally described by Bickham 11 and Homan. 12 However, this technique is said to be quite dicult and time consuming. 1, 7 The rationale for more limited approaches to the vertebral column than laminectomy is to preserve the structures, important in spinal stability. The unilateral approach by hemilaminectomy completely avoids damage to the interspinous ligaments, intervertebral joints and paravertebral muscles of the opposite side. By this means the dorsal static structures of the vertebral column are injured less than by a conventional laminectomy or by an osteoblastic laminectomy. On the other hand, Guidetti criticised the high risk of injury to the spinal cord when unilateral approaches are used. 27 Exposure of the dorsal parts of the spinal cord after hemilaminectomy is equivalent to that after laminectomy ( Figure 2 ). Our experience indicates that hemilaminectomy is useful for the removal of any kind of spinal lesion with the prerequisite of exact preoperative de®nition of the tumor location. We did not observe any disadvantage of hemilaminectomy in our cases. If, during the operation, the surgeon feels unable to remove the tumor by hemilaminectomy without damage to the spinal cord, the unilateral approach can be changed into laminectomy during operation. In the present study, only three patients hemilaminectomy was extended to a complete laminectomy during the operation. In these three cases, tumors were resected subtotally because of the invasive extradural tumors.
Chiou et al. 15 reported their experience in 256 spinal tumors which were removed by using unilateral or bilateral hemilaminectomy. They compared these two approaches and concluded that the unilateral approach can be applied to extradural tumors without disadvantage and in intradural and extrameduller tumors it was seen to be even superior to bilateral laminectomy. SariogAE lu et al. 28 reported their experience in 40 spinal tumors which were removed by using unilateral hemilaminectomy. They concluded that the unilateral hemilaminectomy can be applied to all spinal tumors except bilaterally extensive invading extradural tumors with the aid of microneurosurgical technique.
With the development of MRI, it is possible to demonstrate shape, size, and relations to the cord precisely. With the precise preoperative de®nition of the relationship of tumor to the surface of the spinal cord by contrast enhanced MRI unilateral approaches might be more often applicable for spinal tumors. MRI and thus microsurgical techniques allow us to reach and remove spinal tumors by unilateral approach. In the surgery of the spinal lesions our goal was to obtain adequate exposure of the lesion, to remove the lesion totally without injury to the spinal cord and nerve roots, and to preserve spinal column stability. In all cases but three, it was possible to remove the tumor totally in the present study. Our series of these lesions is small and the follow-up period is short to make a de®nitive statement with respect to the applicability of unilateral approaches to all spinal lesions. 
